conclusion that at least some of the cytoplasmic ribonucleic acid (RNA) of this organism is of nuclear origin. Work with the giant unicellular alga Acetabularia (2, 3) , on the other hand, has indicated the absence of a direct nuclear effect on cytoplasmic RNA synthesis. If both of these findings are generally applicable, one could conclude that there are two basic systems of RNA synthesis, one centered in the nucleus, the other in the cytoplasm. As a first step in the evaluation of the general applicability of these findings, we have looked for evidence of possible RNA synthesis in the cytoplasm of enucleate amoebae in terms of their ability to incorporate a precursor, adenine-8-C ~, into their RNA. The intracellular availability of this substance in enucleate as well as nucleate amoebae (4) , and its incorporation into RNA in amoebae (5) have been previously established.
Methods and Materials
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Part of this work was performed under the tenure of a Public Health Service Research Fellowship of the National Cancer Institute.
we would like to thank Dr. Daniel Mazia for his constructive criticism in the preparation of the manuscript. § Received for publication, April 11, 1957. Prescott and james (6) . Telrahym~a pyriform~ (strain W) was used as the food organism. Twenty:four hours prior to the initiation of the experiment, the amoebae were washed free of Tdrahym~ and placed in food-free medium. After this short starvation period the cells were placed in the beam of a microscope lamp shining parallel to the stage of a dissecting microscope and permitted to stream until they had assumed the characteristic monopodal form. While in this elongated condition the cells were cut into halves with fine glass needles. Each whole cell thus resulted in two half cells, one with and one without a nucleus.
The cut cells were subjected to two washings to remove possible cutting debris, transferred to fresh, food-free medium containing approximately 3.4/~c. of adenine-8-C 14 per ml., and incubated in the dark at 19 ° C. A sample of washed whole amoebae, also prestarved for 24 ~ hours, was incubated in a separate dish containing an identical medium.
At 24 hour intel-vals the culture dishes were removed from the incubator and the dish conta~nlng the cut cells was placed in the beam of light for a short period of time. Samples of nucleate and enucleate half cells were tentatively separated on the basis of their streaming beliavior (the enucleate hal[ cells do not stream very actively and rarely show oriented ~ovement) and washed separately by transferring them with a braking pipette' through five changes of amoeba medium; This washing process removed the radioactive material from the cell surfaces. In the final wash the half cells were again permitted to stream and a final separation of nucleate and enucleate half cells was made. Samph~ng was carried out over a 4 day period.. .....
Three slides were prepared of each cell type (wholes, n~¢l~te halves, and enueleate halves) at each sampling time. The amoebae were fix~-d and~"flattened on albumenlzed slides with a coverslip bearing a small drop of 45 per cent acetic acid. The preparations were frozen on a block of dry ice and the coversllps removed by lifting the edge with a razor blade. The slides were then placed in acetic acid-alcohol (1:3) for about 1 hour, rinsed twice in absolute ethanol, and air dried. One of the three slides made of each cell type at each sampling time was incubated with ribonuclease (30 milligrams of crystalline (Worthington) ribonuclease per 100 ml. of distilled water, pH adjusted to 6.9 with Na2HPO4, at 35 ° C. for 4 hours). All of the tivity before the cytoplasm, and no radioactivity was detectable in any cell that had been subjected to ribonuclease digestion, after fixation and washing.
A difference was noted between the cytoplasmic RNA labelling of enucleate half ceils and that of wholes or nucleate halves. Cytoplasmic RNA labelling was evident in a few whole cells and nucleate halves after 24 hours of incubation in the labelled medium; none of the enucleate half cells showed any radioactivity in slides were then coated with autoradiographic stripping film (Kodak Ltd., London, England) according to the method of Doniach and Pelc (7) and stored for exposure at 5 ° C. Photographic processing of the preparations was carried out after 1 month of exposure. The analysis consisted of locating ceils by phase contrast microscopy and observing the distribution of silver grains in the overlying autoradiographic emulsion with brightfield illumination.
RESULTS
Earlier observation~ (5) on the first site of appearance of detectably labelled RNA as well as on labelling specificity were verified: the nuclei of both whole and nucleate half cells showed radioac-RNA at this time. At the subsequent fixation times, after 48, 72, and 96 hours of incubation, all whole cells and nucleate half cells had distinctly labelled cytoplasmic RNA; the enucleate half cells fixed at these times showed definite although rather variable cytoplasmic RNA labelling: more enucleate halves were labelled at 96 than at 48 hours of incubation, but even at the longer time there were some cells in which no label was detectable (see Table 1 ). The intensity of autoradiographs over enucleate half cells ranged from about equal to the most lightly labelled nucleate cytoplasm down to, and presumably below, the detectable level. This variation could not be correlated with any morphological characteristics. On the whole, there was considerably less labelled RNA in the cytoplasm of enucleate half cells than in either of the nucleate cell types (see Figs.  1 a to 2 b) . No readily noticeable difference existed between the nucleate halves and the whole cells; both groups showed some variability in labelling (see Figs. 1 a and 1 b) . DISCUSSION The main question which we are attempting to answer is whether the amoeba cytoplasm can synthesize RNA in the absence of the nucleus. We are using the incorporation of C14-adenine into RNA as an indication of synthesis. In whole cells, the adenine labelling of cytoplasmic RNA could come about through the operation of three processes: by means of the previously established transfer of RNA or high level RNA precursor from the nucleus (1), by total synthesis of RNA in the cytoplasm, and by turnover, the exchange of single constituents of the RNA molecule without total synthesis. The fact that enucleate half ceils in our experiment showed adenine incorporation into RNA indicates that one or both of the latter two processes are in operation, that there exists a mechanism in the cytoplasm which operates in the absence of the nucleus and leads to the incorporation of adenine into RNA.
The data suggest that the rate of appearance of labelled RNA in the amoeba cytoplasm reflects the absence of the nucleus: the enudeate cytoplasm was less heavily labelled than was the cytoplasm of either the nucleate half cells or the whole ceils. This interpretation of the data could be explained by assuming either that cytoplasmic incorporation of adenine into RNA is influenced directly by the nucleus or that this incorporation is nucleus-independent and that the difference in labelling is the result of the transfer of labelled nuclear RNA to the cytoplasm (1). Either of these assumptions would point to a difference between Amoeba and Acetabularia: in the latter the rate of RNA synthesis in the cytoplasm appears to be unaffected by the absence of the nucleus (3). However, another interpretation of the reduced labelling in enucleate amoebae is possible. We have shown previously (4) that the average total adenine uptake of enucleate half cells is considerably less than that of nucleate halves or whole cells. This circumstance could lead to lower incorporation without the assumption of any significant differences in the inherent rate of cytoplasmic RNA labelling between nucleates and enucleates. The fact that our uptake data were averages and the present observations were made on individual cells could also account for the variability in incorporation within the enucleate cell sample: in the former case there may have been undetected variability in uptake between individual cells. (The incorporation variability in nucleate cells, exemplified in Figs. 1 a and 1 b, is subject to the same explanation.) It must be pointed out, however, that the rate of adenine uptake by the cell could depend on the rate of incorporation of adenine into RNA and its intermediate precursor pools.
It becomes evident from these considerations that we cannot successfully use the present data to establish the relative amounts of cytoplasmic RNA which are of nuclear origin and those which are synthesized in the cytoplasm. Although the data suggest a quantitative difference in cytoplasmic labelling between nucleate and enucleate cells, this difference does not lead to an unequivo BRIE1 e NOTES ocal conclusion. The case for Amoeba is then, in summary: there is direct evidence for a nuclear contribution to cytoplasmic RNA (1); there is also a cytoplasmic precursor incorporation process which operates in the absence of the nucleus; the relative magnitude of these two processes in intact cells is unevaluate& Our conclusion that there is nucleusindependent incorporation of a known RNA precursor in the cytoplasm of Amoeba proteus and that this suggests the possibility of RNA synthesis in the cytoplasm appears to stand in opposition to the conclusion drawn by Prescott (8) from an experiment of similar design, using the same organism but Cl*-uracil as the labelled precursor. In Prescott's experiment the enucleate half amoebae did not incorporate detectable amounts of isotopic carbon into their RNA; whole and nucleate half cells, on the other hand, did show both nuclear and cytoplasmic RNA labelling. It is rather difficult at this time to evaluate these data fully in view of the conditions under which uracil has been shown to be incorporated into RNA. In mammals uracil is not on the normal pathway of pyrimidine biosynthesis but enters RNA when presented to the system in high concentrations, via an alternative pathway. At lower concentrations very little if any uracil finds its way into RIgA (9) . This leads to a variety of plausible explanations for the nonincorporation of uracil into the RNA of enucleate amoebae which cannot be properly evaluated without some information on the pathway or pathways of RNA biosynthesis in this organism. Thus, while the use of adenine incorporation into RNA as evidence for RNA synthesis is subject to turnover considerations, the apparent absence of uracil incorporation cannot be used to eliminate the possibility of synthesis of RNA. Hence, we feel justified in retaining our conclusion that insofar as precursor incorporation can be taken as evidence for synthesis, the amoeba cytoplasm is capable of synthesizing RNA in the absence of the nucleus.
In comparing Amoeba with Acaabulatin it must be kept in mind that the absence of a direct nuclear effect on cytoplasmic RNA synthesis in Acetabularia is subject to at least two interpretations: (a) The Acaabularia cytoplasm has a high degree of autonomy; (b) The Acetabularia cytoplasm is under the influence of nuclear products with a long half-life which enter the cytoplasm in amounts below the level of detectability by chemical analysis of the cytoplasm. The experiments which show comparable rates of RNA synthesis in nucleate and enucleate Acaabularia fragments (3) do not eliminate the second interpretation. There may well be a transfer of nuclear RNA to the cytoplasm in small amounts which is in part responsible for cytoplasmic RNA synthesis. In point of fact, current experiments on Acetatmlaria (10) suggest that this is the case. Lastly, the fact that enucleate amoebae are starving and show a gradual loss of RNA (11) while enucleate Aeetabularia fragments are capable of photosynthesis may wen result in quantitative differences without justifying the assumption of differences in the underlying mechanisms. The evidence from Acetabularia work can be summarized as pointing to the cytoplasm as the origin of most of the cytoplasmic RNA, but a small contribution by the nucleus cannot be excluded. It is therefore questionable whether there exists a fundamental difference between Acaabularia and Amoeba with respect to the origin or origins of cytoplasmic RNA.
Potter (12) , on the basis of biochemical work on cell fractions and tissue slices, has proposed a scheme which suggests the existence of three kinds of RNA in the cell: nuclear RNA in the nucleus, nuclear RNA in the cytoplasm, and cytoplasmic RNA of cytoplasmic origin. It seems to us that this hypothesis is consistent with the findings in both Amoeba and Acetabularia and that the reported differences between these two organisms are largely the result of differences in the experimental accessibility of the two ceils.
SUMMARY :
The question of RNA synthesis in enudeate cytoplasm of Amoeba has been approached experimentally by incubating enucleate amoebae in a labelled RNA precursor and determining the incorporation into RNA aut0radiographically. The results indicate that there is a cytoplasmic incorporation mechanism which can operate in the absence of the nucleus. A comparison is made between Acetabularia and Amoeba with respect to the origins of cytoplasmic RNA. It is concluded that the existing data are consistent with the assumption that some cytoplasmic RNA is of nuclear origin in both organisms. BIBLIOGRAPHY 
